ABSTRACT
Introduction
Iatrogenic damage to the inferior alveolar nerve (IAN) with subsequent neurosensory disturbances is a serious complication associated with various dental procedures, such as third molar extraction, endodontics treatment, implant placement and orthognathic surgery. [1] The proximity of the IAN to the root apices plays a major role in the occurrence of IAN damage. It has been suggested that the risk for IAN injury increases dramatically when the distance between the canal and root struc-tures becomes smaller. [2] Therefore, preoperative assessment of the relative position of the IAN and the apices of posterior teeth is very crucial for minimizing the risk of nerve injury. [3] Cone beam computed tomography (CBCT) is a new developed imaging technique that allows threedimensional (3D) reconstructions of the maxillofacial structures with high resolution and without any superimposition. [4] [5] [6] [7] Patient head positioning during CBCT image acquisition is an important factor, which may have a significant influence on the accuracy of CBCT measurements. Previous studies have shown when patient's head is oriented correctly; CBCT provides precise linear measurement, which is comparable to physical measurements. [8] [9] [10] [11] Poor patient positioning during CBCT scanning procedures, as a common clinical occurrence in everyday practice, might adversely affect the measurement accuracy of linear distances between the canal and root tips with subsequent treatment planning failure and IAN damage. There is an inconsistency in the literature regarding the influence of patient positioning on the CBCT measurements accuracy. [12] [13] [14] [15] [16] [17] Some studies have reported that incorrect positioning the patient during CBCT scanning causes measurement errors. [12] [13] [14] [15] [16] However, other studies suggested that incorrect patient head orientation during image acquisition does not affect the measurements accuracy of the craniofacial complex on CBCT images. [17] [18] To the best of our knowledge, there is little information in the literature evaluating the influence of incorrectly positioning the patient during CBCT image acquisition on cross sectional reformatting used to determine the relation of the mandibular teeth and IAN canal. [13, 15, 17] Therefore, the aim of the present study was to evaluate whether changes in skull orientation in the scanner affects the anatomical distance between IAN canal and the mandibular root apices.
Materials and Method

Radiographic scan
The present study was approved by the institutional ethics committee. Ten randomly selected dry mandibles were used in this study. Lateral cephalograms were ob- 
Results
ICC showed that intra observer reliability was high (r> 0.90) and there were no significant differences between the first and second series of measurements (p> 0.05).
Therefore, the average of dual measurements was used for further analysis to minimize the error in the measurements. The frequency of underestimation (the measured distance of deviated position was smaller than that of normal position) and overestimation for various head orientations is presented in Figure 3 . The mean difference ±SD of the measurements for each head orientations are presented in Table 1 . These results are in line with our findings. Sabban et al., [15] found a statistically significant difference between the mean errors in vertical measurements with greatest discrepancy of the extension head orientation, ranging between -2 to 3mm. No statistically significant difference was found between the mean errors in horizontal measurements. Sheikhi et al., [13] showed a significant difference between physical measurements and radiographic ones at different deviated positions. However, the discrepancy of measurements in various head positions was less than 0.5mm. Visconti et al., [16] demonstrated that head orientation could significantly affect the measurement reliability of CBCT images. Likewise, Nikneshan et al., [14] found that changing the slice orientation in the range of -12 to +12˚ reduced the accuracy of CBCT measurements.
In the present study, the mean differences between various position measurements and standard position measurements were even less than voxel sizes. This finding is consistent with findings of many previous studies [13] [14] [19] [20] showing that the mean error value of less than 1 mm in different head positioning was considered clinically insignificant. Mean measurement error was significantly higher for tilt position, compared with standard position. Sheikhi et al., [13] showed rotation and flexion positions are the deviations having the most impact on the accuracy of measurements on CBCT. [13] In another study by Sabban et al., [15] 
